To date, there are very limited genetic studies conducted on the Kingdom of Bahrain and this is one of the first studies conducted to evaluate the 12 X-STRs included in the Investigator X-12 QS kit. Bahrain is a small archipelago located in the Arabian Gulf. X-STRs are very informative in population genetics studies, human identification and complex kinship analysis. One hundred and fifty-six (156) buccal swabs were collected using cotton from non-relatives' Bahraini males from four different regions of Bahrain. DNA was processed using QIAsymphony SP instrument following quantification with Investigator Quantiplex HYres Kit in the 7500 Real-Time PCR System and detected in ABI 3500xl Genetic Analyzer. Analysis was done using different statistical softwares to obtain allele frequencies and haplotype frequencies-based upon the available four clusters of Linkage Groups (LGs)-and the forensic parameters.. Results indicated the diversity of the Bahraini population in terms of high Power of Discrimination (PD) and Probability of Match (PM) values obtained. The combined values of each forensic parameter such as cPD M , Mean exclusion chance (CMEC) Krüger, C MEC Kishida, and C MEC Desmarais as well as C MEC Desmarais Duo, were 0.9999983, 9999979, 0.9999939, 0.9999996 and 0.9999514 respectively based on the allele and haplotype frequencies. No shared profiles were observed. Number of non-standard alleles and null samples were obtained with more profoundly in locus DXS10148. We have conducted phylogenetic tree as well as multidimensional scale to analyze the Interpopulation diversity between Bahraini population and nine other populations and found out they reflect the geographical and social background of the region. Overall, the results confirm the importance of X-STRs in discriminating between individuals among Bahraini population and in establishing DNA databases for forensic and kinship studies.
Introduction
The Investigator Argus X-12 QS Kit (Qiagen, Germany) is a multiplex solution that amplifies 12 segments of DNA located in the X-chromosome; chromosomal X short tandem repeats (X-STRs). This solution is used for human identification, paternity testing, forensic cases and population genetic studies (1). X-chromosome STR markers are very informative for some cases where autosomal STRs fail to provide crucial answers such as in in kinship testing involving female offspring sharing the same father (2). In this kit, the 12 X-STR markers are clustered into four distinct linkage groups (LG), each cluster includes three markers: LG1 (DX8378-DXS10135-DXS10148), LG2 (DXS7132-DXS100740-DXS10079), LG3 (DXS10101-DXS10103-HPRTB), LG4 (DXS7423-DXS10134-DXS10146) (3). The dependency between markers is known as linkage and is the physical proximity of two loci on the same chromosome (2).
To date, there are very limited genetic studies conducted on the Kingdom of Bahrain and knowledge of any such structure is important in the interpretation of the significance of DNAbased forensic evidence and in the construction of appropriate databases. Recent studies was done using autosomal STR and YSTR kits (4, 5).
Kingdom of Bahrain is a small archipelago in total landmass of 760 square kilometers (6) consisting of 33 islands, only the five largest are inhabited. These islands are Bahrain, Muharraq, Umm and Nasan and Sitra. Bahrain is positioned in the Arabian Gulf. To the southeast of Bahrain is the State of Qatar, and to its west lies the Kingdom of Saudi Arabia, with which it is connected by a 25-kilometer causeway. To the north and east of Bahrain lies the Islamic Republic of Iran (7) .
corresponding author for establishing meetings and arrived at the General Directorate of Criminal investigation and Forensic Science -Kingdom of Bahrain to submit their buccal swabs for the research after obtaining informed consent. The age of the participants ranged from 19 to 58 years old.
In each case, males with ancestry (to the level of paternal grandfather) from four different geographical subdivisions of the country (Capital Governorate, Muharraq Governorate, Northern Governorate and Southern Governorate) were sampled. Ethical review for analysis was provided and approved by the Research and Research Ethics Committee (RREC) (E007-PI-10/17) in the Arabian Gulf University. All participants provided informed consent for contribution their buccal swab samples.
DNA processing
DNAs were extracted using QIAsymphony SP instrument (Qiagen, Germany) following magnetic beads principal. Subsequently the extracted DNAs were quantified using Investigator Quantiplex HYres Kit (Qiagen, Germany) in the 7500 Real-Time PCR System (Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to manufacturer's recommendation. 0.5 ng of the extracted DNA was amplified using Investigator Argus-X12 QS kit (Qiagen, Germany) with half-volume reactions (12.5µl) following manufactures protocol in 27 cycles. Samples were amplified using MicroAmp Optical 96-Well Reaction Plate (Thermo Fisher Scientific, Inc., Waltham, MA, USA) along with the provided positive control and DNA grade water as a negative control.
The PCR products (1µl) were separated by capillary electrophoresis in an ABI 3500xl Genetic Analyzer (Thermo Fisher Scientific Company, Carlsbad, USA) with reference to the BTO size standard (Qiagen, Germany) in total of 12 µl of BTO size standard and Hi-Di formamide (Thermo Fisher Scientific, Inc., Waltham, MA, USA) master mix. GeneMapper® ID-X Software v1.4 (Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used for genotype assignment.
Statistical analysis
Allele frequencies and haplotype frequencies were calculated using FreX V1.1 software (12).
Also, Linkage groups (LG) were designated as 3 loci in each LG in total of 4 LGs in FreX V1.1 (12). Forensic parameters such as power of discrimination (PD), random matching probability (PM), power of exclusion (PE), polymorphism information content (PIC), number of alleles (Nall) and linkage disequilibrium (LD) between pair of loci were estimated using STRAF -a convenient online tool for STR data evaluation in forensic genetics (13). Mean exclusion chance in Duos (MECD), PD for females (PDf), and PD in males (PDm) were estimated using ChrX-STR.org 2.0 website (14). It should be noted that all of the samples were compromised of males, so it was impossible to calculate the Hardy-Weinberg (HW) equilibrium.
Interpopulation pairwise genetic distances based on Fst between central region Saudi population and the rest of populations extracted from the literature were calculated using POPTREE2 software (15) and represented by a nonmetric multidimensional scaling (NM-MDS) analysis using IBM SPSS Statistics v21.0 Software to investigate the populations structure between Bahraini population and the abovementioned populations based on FST's genetic distances.
Phylogenetic tree was constructed from allele frequency data by using the neighbour-joining method (16) via MEGA X: Molecular Evolutionary Genetics Analysis (17).
It is used to compare between different genetic structure of the populations with Bahraini population using the minimum available loci for different populations. The tree was constructed with allele frequency data of twelve STR loci (DXS7132, DXS7423, DXS8378, DXS10074, DXS10079, DXS10101, DXS10103, DXS10134, DXS10135, DXS10146, DXS10148 and HPRTB) for all populations in corrected fixation index (FST) using neighbor joining for phylogeny in 1000 permutations.
Results

Allele frequencies, forensic parameters and efficiency
As for the allele frequency score, some alleles show very high frequencies in the Bahrain population such as allele 14 in DXS7423 with highest frequency of 0.462, followed by allele 19 in DXS10103 with frequency of 0.447 ( Table 1 ). The lowest allele frequency was 0.0064 for 12 different alleles. The probability that two randomly chosen person have the same unspecified genotype at a locus is the sum squares of the frequencies of all genotypes at that locus. The full set of Bahrain data is available in Table S1 . No shared profiles were observed.
In this studied population, number of alleles per locus was ranged from 5 for marker DXS8378 to 27 for DXS10135. The mean number of alleles per locus was 13.66, and a total number of alleles observed was 164. The most polymorphic locus was DXS10135 ( Table 1 ).
The highest gene diversity (GD) was observed for locus DXS10135 with 0.9467 while the smallest observed was for locus DXS7423 with 0.6693 (Table 1) .
Based on allele frequencies, we further determined the statistical parameters of forensic interest.
Generally, the polymorphism degree of a specific locus can be measured by the Polymorphism Information Content (PIC) which indicates the degree of genetic polymorphism. We have found out that PIC values for all STR loci were highly informative (PIC≥0.6) with an average of 78.9% (Table 1) . PM was ranged from 0.0594 for DXS10135 to 0.3403 for DXS7423. 
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The power of discrimination (PD) explains level of discriminating between members. The PM was ranged from 0.0594 for DXS10135 to 0.3403 for DXS7423. The PD explains the level of discriminating between members of the same population. As higher the discriminating power of a locus, the more efficient it can be used to discriminate between members. DXS10135 showed the greatest (PD) in Bahraini population with value of 0.9406, whereas DXS7423 gave the lowest value of (PD) with only 0.6597. The average (PD) of the tested loci was 0.815. The combined PD(CPD) and MPCMP) for all the 12 X-STR loci were 99.99999997% and 3.02583E- (4) for genetic characterization of the Bahraini population to differentiate between individuals for forensic and kinship purposes.
Linkage disequilibrium analysis
As shown in Table 2 , the study showed no significant deviation from linkage disequilibrium The significance in LD was obtained between different loci in different LGs and within same
LGs. 
Haplotype allele frequencies
Haplotype allele frequencies were determined using the four LG clusters as shown in Table 3 . T  a  b  l  e  3  H  a  p  l  o  t  y  p  e  d  i  v  e  r  s  i  t  i  e  s  o  f  f  o  u  r  X  -C  h  r  o  m  o  s  o  m  a  l  l  i  n  k  a  g  e  g  r  o  u  p  s  i  n  B  a  h  r  a  i  n  i  m  a  l  e  i  n  d  i  v  i  d  u  a  l  s  (  C  o  n  t  .  ) LG1 
Rare variants, off-ladder and null alleles
Several cases showed off ladder (OL) in various loci; two allelic ladder variants were detected at the DXS10146; Sample#12 indicated OL in 223.05 bp and sample#34 showed OL in 243.87 bp.
Four allelic ladder variants were detected at DXS10148; Sample#29 showed OL in 312.62 bp, sample#49 and sample#50 showed OL in 312.57, and sample#123 showed OL in 280.19 bp. One allelic ladder variants were detected with OL in DXS10134; Sample#72 showed OL with 325.61
bp. Null alleles were also observed in two loci; DXS10148 in sample#105 and in DXS10103
showed drop out allele in sample#135 and sample#119 (Fig 1) .
High frequent cases of OL and null alleles were in DXS10148, which gave indication that the Investigator Argus X-12 QS kit provided standard ladder lack significant coverage of bins at DXS10148 as confirmed in previous literature (18). 
Interpopulation diversity
To measure the diversity between Bahraini population and other populations previously reported, we have constructed the phylogenetic tree from allelelic frequencies data by using the neighborjoining (NJ) method via MEGA X: Molecular Evolutionary Genetics Analysis (Fig 2) .
We have used 9 populations including: Saudi ( (Table 4 ).
It is shown that Bahraini and Emirati populations shared the most genetic relatedness than other populations, as the Saudi population considers being the most geographically close population however gave more genetic relatedness with Egyptian population than with Bahraini population.
The rest of populations stood further of genetic relatedness with the Bahraini population.
We have also constructed the MDS plot using IBM SPSS Statistics v21.0 Software, and it gave correlating results with the phylogenetic tree. As Bahraini, Emirati and Algerian populations gave the same clusters and Saudi, Egyptian and Jewish in another cluster (Fig 3) Regarding the Interpopulation diversity, the phylogenetic tree was constructed based upon the data from the nine populations which were consistent with other population data from the region based upon the FST values obtained. The obtained FST value of Bahrain is <0.0000 which is less than the recommended value for casework statistics of FST < 0.01 (28).
As shown, Bahraini and Emirati populations were more genetically related in terms of phylogenetic tree and MDS plot in contrary of Saudi population which was shown in previous papers published being more genetically related to Bahrain (4, 5) This can be explained by studying the origins of the mothers of participants as it wildly affects the X-STRs results.
Once more studies of Arab populations in the region become accessible, it may be more probable to develop a greater understanding of the genetic associations between the different populations for the Arabian Peninsula. Further linkage studies must be conducted to determine if the loci are physically linked.
Conclusions
In conclusion, this is first study to report the allele frequencies and forensic statistical parameters of the X chromosomal STRs included in the Investigator Argus X-12 QS Kit in a sample population of Bahrain. X-STRs panels can be used for some cases for forensics investigations such as human identification and paternity testing.
